Recent genome-wide association studies identified susceptibility loci for esophageal squamous cell carcinoma (ESCC), the most common histological type of esophageal cancer, in the phospholipase C ε-1 gene (PLCE1). The aim of the present study was to investigate whether polymorphisms of PLCE1 were associated with the prognosis of ESCC patients in a high-incidence region of northern China. The PLCE1 rs2274223 A/G and rs11599672T/G single-nucleotide polymorphisms (SNPs) were genotyped by polymerase chain reaction-ligase detection reaction method in 207 ESCC patients with survival information. The mean age ± standard deviation of the 207 ESCC patients was 60.3±7.9 years. Sex, age, smoking status and family history of upper gastrointestinal cancer were not found to be associated with the survival time of ESCC patients. The mean survival time of rs2274223
Introduction
The Ci county of Hebei Province is one of the high-incidence regions of esophageal cancer in China. Over the past 40 years, the incidence and mortality rate of esophageal cancer have significantly decreased with the application of primary and secondary prevention measures. However, in 2011, the age-adjusted esophageal cancer incidence and mortality rates were 106.74/10 5 and 103.07/10 5 , respectively, in men, and 75.41/10 5 and 53.52/10 5 , respectively, in women (1) . Therefore, esophageal cancer remains a major public health concern in this region. A number of environmental and genetic factors chronically interact, leading to esophageal cancer development. Genome-wide association studies (GWAS) is a powerful tool for identifying genetic markers for various diseases with high-throughput genotyping technology (2) . Recent GWAS identified susceptibility loci for esophageal squamous cell carcinoma (ESCC), the most common histological type of esophageal cancer, in the phospholipase C ε-1 gene (PLCE1) (3) (4) (5) . Subsequently, several independent studies were conducted to validate the association between PLCE1 single-nucleotide polymorphisms (SNPs) and ESCC, with controversial results (6) (7) (8) (9) (10) (11) (12) . PLCE1 is a member of the phospholipase C family, a group of proteins able to convert phosphoinositol 4,5-bisphosphate to two second messengers, inositol 1,4,5-triphosphate (IP3) and diacylglycerol (DAG). IP3 and DAG participate in Ca 2+ immobilization and protein kinase C activation, respectively (13) . It is noteworthy that PLCE1 may be regulated by multiple signaling inputs from both Ras family GTPases and G proteins (14) . Hence, PLCE1 plays a crucial role in regulating cell growth, differentiation, apoptosis and angiogenesis (15) . It was previously demonstrated that PLCE1 was involved in the development and progression of various cancers, including esophageal cancer (3, 10, (16) (17) (18) (19) (20) (21) (22) . In addition, the expression of PLCE1 was associated with the survival of patients with esophageal cancer (23, 24) . In fact, identifying applicable biomarkers for ESCC prognosis may be helpful in improving the outcome of ESCC patients. Our previous studies indicated that the PLCE1 rs2274223 and rs11599672 SNPs were associated with susceptibility to ESCC in a high-incidence population from the Ci county of Hebei province in northern China (25) . To the best of our knowledge, whether these two SNPs may be used as predictive biomarkers for the prognosis of ESCC patients in this high-incidence region has not been determined to date.
Phospholipase C ε-1 gene polymorphisms and prognosis of esophageal cancer patients from a high-incidence region in northern China

Materials and methods
Study subjects. The survival information of 207 ESCC patients was collected. All the study subjects were ethnically homogeneous (of Han descent) and permanent residents of the Ci county, and they were recruited during an endoscopic screening campaign between 2008 and 2012. The patients had histologically confirmed ESCC. Information on the sex, age, smoking habits and family history of upper gastrointestinal cancer (UGIC) was obtained from the cancer patients by two professional interviewers directly after blood sampling.
Smokers were defined as those who formerly or currently smoked no less than five cigarettes per day for at least 2 years. Individuals who had at least one first-degree relative or at least two second-degree relatives who had esophageal/cardiac/gastric cancer were defined as having a family history of UGIC. The present study was approved by the Ethics Committee of the Fourth Hospital of Hebei Medical University. Informed consent forms were obtained from all recruited subjects.
DNA extraction. Venous blood (5 ml) from each subject was collected in Vacutainer tubes containing EDTA and stored at 4˚C. After sampling, genomic DNA was extracted within 1 week by proteinase K (Merck, Darmstadt, Germany) digestion, followed by a salting out procedure according to the method published by Miller et al (26) .
Polymorphism genotyping. The genotypes of PLCE1 polymorphisms were determined by the Shanghai Generay Biotech Co., Ltd. (Shanghai, China) using the polymerase chain reaction-ligase detection reaction method, which has been described in detail in our previous study (25) . Fig. 1 ).
Discussion
The TNM staging system, which is based on tumor depth (T), presence and number of regional nodes with metastatic disease (N) and presence or absence of distant metastasis (M) is used to predict the prognosis of cancer patients. However, the overall survival of the patients with similar TNM stage varies, which may be attributed to overlooking the biological or molecular characteristics of each individual tumor. Therefore, it is necessary to detect the alterations in the patients' genomic, epigenetic and/or proteomic profile, and even in single markers, and to identify useful biomarkers for the prognosis of cancer patients (27) . In the present study, it was investigated whether the PLCE1 rs2274223 and rs11599672 SNPs may be used to predict the outcome of ESCC patients; however, no correlation was observed between these two SNPs and the survival of ESCC patients. Two studies demonstrated that the PLCE1 rs2274223 SNP was associated with the risk of ESCC (3, 10) . Subsequently, Wang et al investigated the PLCE1 protein expression of ESCC tissues with different genotypes of rs2274223 SNP and found a higher expression level in ESCC tissues with the A/G genotype compared with those with the A/A genotype (28) . Similar results were observed in the study by Hu et al (10) . However, it remains controversial whether PLCE1 acts as an oncogene or a tumor suppressor in ESCC development and progression. Hu et al (10) and Li et al (24) reported decreased mRNA in ESCC tumors compared with that in the adjacent normal esophagus, but no difference in protein expression. By contrast, ESCC tissues exhibited a higher PLCE1 protein expression compared with normal tissues in other studies (3, 23, (28) (29) (30) . This disparity may be attributed to differences in sample size, genetic background or experimental methods. It is worth mentioning that downregulation of PLCE1 inhibited ESCC cell proliferation and promoted cell apoptosis in vitro (23, 29) .
As regards the association of PLCE1 expression with the survival of ESCC patients, the results were inconsistent. Specifically, one study reported that high PLCE1 protein expression in ESCC was associated with poor survival (23), while increased tumor/normal-fold change of mRNA and protein expression in ESCC was associated with improved survival in another study (24) . To the best of our knowledge, the present study is the first to evaluate the association between the rs2274223 SNP and survival of ESCC patients of Han nationality, and found no correlation, which is similar to the results in the northern Indian population (7) .The PLCE1 rs2274223 SNP, a non-synonymous SNP causing an amino acid change from His to Arg in the 26th exon, is located at the calcium-binding domain, indicating its crucial functional significance. However, data analysis by bioinformatics software suggests rs2274223 SNP to be benign and tolerated and the variation between wild-type and mutated structures negligible, which may partly explain the null results (7) . Interestingly, the same SNP played a different role in ESCC susceptibility and prognosis of ESCC patients. The possible reason for this discrepancy may be the complex structure of PLCE1 and its involvement in various signaling pathways, such as nuclear factor-κB and Ras-mitogen-activated protein kinase (31) . The PLCE1 rs11599672 SNP is situated within the transcription factor-binding site, and the substitution of T to G may alter the transcriptional activity of PLCE1. Our previous study indicated that a family history of UGIC increased the risk of ESCC in subjects with the T/T genotype. In addition, the rs11599672 SNP G/G genotype was found to be associated with a decreased risk of non-oropharyngeal tumors in a non-Hispanic white population (32) . However, there was no association between the rs11599672 SNP and the prognosis of ESCC patients in the Ci county, which is a high-incidence region. To date, the functional role of rs11599672 SNP has not been determined. Therefore, defining the function of the rs11599672 SNP, such as the association of PLCE1 expression with different genotypes of rs11599672 SNP, may be useful in providing mechanistic evidence for the findings.
In conclusion, the PLCE1 rs227423 and rs11599672 SNPs cannot be used as predictive markers for survival of ESCC cases in a high-incidence region of northern China. Further investigation is required to determine the association of other SNPs in PLCE1 with the prognosis of ESCC patients.
